Background Substance use is a known predictor of poor adherence to antiretroviral therapies (ART) in people living with human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome. Less studied is the association between substance use and treatment outcomes, namely, suppression of HIV replication. Methods Adults living with HIV (N =183) who reported alcohol use in the previous week and receiving ART were observed over a 12-month period. Participants completed computer interviews, monthly unannounced pill counts to monitor ART adherence, and daily cell-phone delivered interactive-text assessments for alcohol use. HIV viral load was collected at baseline and 12-month follow-up from medical records. Analyses compared participants who had undetectable HIV viral loads at baseline and follow-up (sustained viral suppression) to those with unsustained viral suppression. Analyses also compared participants who were adherent to their medications (>85 % pills taken) over the year of observation to those who were nonadherent. Results Fifty-two percent of participants had unsustained viral suppression; 47 % were ART nonadherent. Overall results failed to demonstrate alcohol use as a correlate of sustained viral suppression or treatment adherence. However, alcohol use was associated with nonadherence among participants who did not have sustained viral suppression; nonadherence in unsustained viral suppression patients was related to drinking on fewer days of assessment, missing medications when drinking, and drinking socially. Conclusions Poor HIV treatment outcomes and nonadherence were prevalent among adults treated for HIV infection who drink alcohol. Drinking in relation to missed medications and drinking in social settings are targets for interventions among alcohol drinkers at greatest risk for poor treatment outcomes.
Introduction
Antiretroviral therapies (ART) suppress human immunodeficiency virus (HIV) replication and improve the health of people living with HIV infection. In addition, ART has the potential to stem the tide of new HIV infections by reducing viral load and therefore infectiousness [1, 2] . Achieving the health and prevention benefits of ART depends closely on treatment adherence, with all ART regimens requiring at least 85 % adherence [3, 4] . Behavioral research on HIV treatment adherence has identified several factors that reliably predict suboptimal treatment outcomes from ART, including mood disturbances, poor social support, and impoverished living conditions [5] [6] [7] [8] . Another common and robust impediment to medication adherence is alcohol use [9] .
Individuals who are taking ART and drink alcohol experience more missed doses, medication lapses, and treatment failure [9, 10] . There are several mechanisms by which drinking can interrupt ART adherence. Intoxication impairs memory, planning, organizational skills, and other cognitive abilities that can result in missed medication doses. In addition, the effects of alcohol on nonadherence can occur the day after drinking as a result of hangover [11] . Studies show temporal and dose-response relationships between alcohol consumption and missed HIV medications, with nonbinge drinkers missing more doses than nondrinkers and binge drinkers missing more doses than nonbinge drinkers [11] . Periods of drinking can also delay calling-in refills and picking-up prescriptions from the pharmacy. Furthermore, treatment interruptions may occur when individuals believe they should stop taking their medications to avoid mixing them with alcohol [12, 13] . Antiretroviral adherence must be persistent to achieve the optimal health outcome of viral suppression. While several studies have examined alcohol use in relation to adherence, there is less attention to the impact of drinking on viral suppression. Importantly, adherence is necessary to achieve viral suppression, but viral activity and infectiousness cannot be inferred from adherence alone [14] . ART regimens differ in their levels of adherence required to suppress HIV and interact with the genetic characteristics of the virus such that individuals can be less than optimally adherent and yet viral suppressed. In contrast, development of HIV treatment resistant strains can mean that individuals who are adherent can still have unsuppressed virus [15] [16] [17] . Patterns of alcohol use such as drinking frequency, quantity, and context may therefore differ in their association to viral suppression compared to the relationship between drinking and adherence.
The current study examined alcohol use associated with sustained viral suppression as well as medication adherence among people living with HIV who drink alcohol and take ART. We first describe the demographics, health characteristics, and adherence of drinkers who have sustained HIV suppression and those who have not sustained HIV suppression. Next, we report two sets of analyses that examine drinking in relation to HIV viral suppression and ART adherence. First, we compare alcohol use among participants who have and have not sustained HIV suppression, and second, we compare medication adherent to nonadherent participants. We hypothesized that both individuals with unsustained viral suppression and those who were medication nonadherent would evidence greater alcohol use than their viral suppressed and adherent counterparts. Finally, we performed subanalyses to investigate the associations between drinking and adherence in persons with unsustained HIV suppression. This subanalysis was performed to focus on the group of individuals at most risk for viral treatment failure and therefore in greatest need of intervention.
Methods

Participants
People living with HIV who were currently receiving ART and drank alcohol (N =183) were reached through community recruitment strategies. Interested persons contacted our research program to schedule an intake assessment appointment. The study entry criteria were (a) 18 years of age or older, (b) HIV positive and prescribed ART, and (c) drank alcohol in the past week.
Measures
Participants provided four sources of data. First, participants completed audio-computer assisted self-interviews (ACASI) at the start of the study [18, 19] . Second, we assessed medication adherence using monthly phone-based unannounced pill counts and self-reported day-level adherence. Third, participants responded to cell-phone-delivered interactive text message assessments of daily alcohol use. Finally, we collected HIV viral load and CD4 cell counts at the initial office assessment and again proximal to the final assessment using a participant-assisted medical chart abstraction procedure. The specific measures are described below.
Computerized Interviews
Demographic and Health Characteristics Participants were asked their gender, age, years of education, income, ethnicity, and employment status.
Substance Use
To assess global alcohol use we administered the Alcohol Use Disorders Identification Test (AUDIT), a 10-item scale designed to measure alcohol consumption and identify risks for alcohol abuse and dependence [20] . Scores on the AUDIT range from 0 to 40, and the AUIDT has demonstrated acceptable reliability and validity. Scores of >8 indicate high risk for alcohol use disorders and problem drinking, with demonstrated specificities between .80 and .90 [21] . In the current sample, the AUDIT was internally consistent, alpha=.90. We also asked participants if they used other drugs in the previous 4-months, including marijuana, cocaine, amphetamines, and other drugs.
ART Adherence
Participants consented to monthly unannounced telephonebased pill counts for the duration of the study. Unannounced pill counts are reliable and valid in assessing medication adherence when conducted in homes [22] and on the telephone [23, 24] . In this study, we conducted unannounced cell-phonebased pill counts. Participants were provided with a free cell phone for use in the study assessments. Following office-based training in the pill counting procedure, participants were called at unscheduled times by a phone assessor. Pill counts occurred over 21-35-day intervals and were conducted for each of the antiretroviral medications participants were taking. Pharmacy information from pill bottles was also collected to verify the number of pills dispensed between calls and whether there was a lapse in obtaining medications from the pharmacy. Adherence was calculated as the ratio of pills counted relative to pills prescribed, taking into account the number of pills dispensed. These data were used to define participant adherence over the course of the study. Based on studies of optimal clinical outcomes, we used pill count adherence to define adherent participants as having taken >85 % of their medications [3, 4] .
Because pill count data cannot provide adherence values at the day level, we also measured self-reported adherence at each monthly unannounced phone assessment using a standard measure of 3-day retrospective adherence recall [25, 26] . This format for assessing self-reported 3-day adherence has been found reliable [27] . The phone interviewer asked participants to think back about what they did yesterday and recall the times they had taken each of their medications. A discussion occurred for daily events that was meant to help participants cue their memory and structure their responses. The interviewer asked whether the participant missed a dose of each medication yesterday and recorded the number of doses reportedly missed and taken for each drug. This section of the interview was repeated for each antiretroviral medication over the previous three days, asking participants to report the same information using the same procedures for the day before yesterday and the day before that. The day-level adherence data collection was timed to coincide with the electronic drinking diary in order to link daily adherence with daily alcohol use.
Electronic Drinking Diary
We used an interactive text-diary assessment to collect daily alcohol use. Participants were instructed in the use of text message functions on their study-provided cell phone. Brief daily assessments were designed and delivered using interactive short message system response. Electronic diaries have provided reliable data collection of socially sensitive behavioral data [28, 29] . To reduce participant burden, daily-drinking assessments occurred every other month. Participants received a text prompt to initiate and answer questions about their alcohol use during the previous day. The questions specifically asked about whether participants drank alcohol yesterday and, if so, how much alcohol they drank that day. Daily drinking was recorded by entering numerical responses using the cell phone keypad. The data were stored on a central secured server. Drinking assessments were administered daily for 10 consecutive days, 6 times during the 12-month study, resulting in 60 days of drinking data. Daily assessments included whether participants were drinking the day before, the number of drinks consumed, whether they drank at home, and whether they drank with another person.
Chart Abstracted Viral Load and CD4 Cell Count
We used a participant assisted method for collecting chart abstracted viral load and CD4 cell counts from participants' medical records. Participants were given a form that requested their doctor's office to provide results and dates of their most recent viral load and CD4 cell counts. These data were therefore obtained directly by the participants from their primary HIV care providers. The form included a place for the provider's office stamp or signature to assure data authenticity. Participants collected their chart data at the baseline assessment and again at the end of the study.
Procedures
People living with HIV were recruited through targeted community sampling. We used both venue recruitment and snowball sampling techniques. Venue recruitment relied on responses to brochures placed in waiting rooms of HIV service providers and infectious disease clinics throughout Atlanta, GA, USA. We also implemented an explicit systematic approach to wordof-mouth chain recruitment. Specifically, participants were given brochures that described the study opportunity with a phone number to the research offices. Participants were encouraged to use the brochures to refer their HIV-positive friends to the study. Figure 1 illustrates the timing and sequence of assessments. Following written informed consent, participants completed the ACASI baseline that required approximately 45 min. Participants were called monthly to conduct unannounced pill counts as well as self-reported 3-day recall adherence. We established a schedule for conducting the 3-day retrospective recall adherence assessments in synch with the interactive drinking diary assessments. Specifically, the unannounced phone interviews were timed to commence after the fourth day of interactive text message assessments to allow for three overlapping days of self-report adherence and interactive text response drinking data. Because the pill counts were unannounced, the call schedule was not disclosed to participants. Unannounced phone interviews that were not completed on the fourth day of text message assessments were attempted on subsequent days, up and through the tenth day of drinking diary assessments. Thus, we obtained time-linked drinking and adherence data for 18 days over the study period. Viral load and CD4 cell counts were collected at the start and end of the study.
Participants were provided with cash reimbursements for each study activity completed: ACASI assessment, $30; unannounced pill count, $20 each; completed interactive text assessment, $2 each; and participant chart abstraction, $25. Data were collected between November 30, 2009 and June 29, 2011. The university Institutional Review Board approved the study.
Data Analyses
For the current study, we defined viral suppression groups on the basis of HIV RNA values obtained from medical record chart abstraction. Participants whose viral load was below the level of detection (<75 copies/ml) at the baseline and at the 12-month follow-up (N =88) were defined as having sustained viral suppression. Individuals who were either viral suppressed only at baseline or follow-up, or at neither time point (N =95) were defined as unsustained viral suppression. We first examined demographic and health characteristics of the sample by comparing sustained HIV suppression to unsustained suppression participants. Comparisons for alcohol use were also made between viral suppression groups using binary logistic regression models.
We then tested alcohol use in relation to ART adherence. For these analyses, we defined adherent as having taken at least 85 % of prescribed ART assessed by pill count over the course of the study; 104 participants were adherent and 79 were nonadherent. Table 1 shows the distribution of participants across sustained viral suppression and medication adherence groups. We also conducted a subanalysis of adherent and nonadherent participants among the 95 participants who had unsustained viral suppression. Missing data were most likely missing at random, and not missing completely at random. Among the options available for managing missing values, we selected to analyze all available data because we assume the missingness is not systematic and does not have direct bearing on our statistical models [30] . We chose not to remove participants with incomplete data (i.e., complete case analysis), and we did not impute missing values. For all analyses, groups were compared using logistic regression models with odds ratios and significance defined as p <.05. For each analysis and subanalysis, we performed bivariate models and report unadjusted odds ratios followed by multivariate models with odds ratios adjusted for demographic variables found significantly different between groups. In addition, nonalcohol drug use was included as a covariate in adjusted models.
Results
Among the 449 persons screened for the study, 344 (76 %) were currently taking ART and 320 (71 %) were currently drinking. A total of 183 (40 %) participants were both taking ART and drinking alcohol. All current drinkers taking ART were offered the opportunity, and all agreed to participate in the12-month cohort study. The study sample consisted of 141 men and 42 women. Participants were primarily African American (N =170, 93 %). A total of 88 (48 %) participants were viral suppressed at both baseline and follow-up and therefore defined as having sustained HIV suppression. Among those defined as having unsustained viral suppression, 12 were suppressed at baseline but not at follow-up, 38 were not suppressed at baseline but were suppressed at follow-up, 32 were not suppressed at either time-point, and 13 were lost to follow-up and therefore did not have a final chart abstraction. Table 2 shows the demographic and health characteristics of participants who had sustained viral suppression and unsustained viral suppression. The unsustained suppression participants were significantly less likely to be married and were of younger age. In addition, unsustained viral suppression Fig. 1 Schematic representation of study design and assessment schedule over the 12-month cohort study was associated with a less likelihood of being unemployed, and greater likelihood of having a CD4 count <200 cells/cc 3 . As expected participants who had unsustained HIV suppression were significantly more likely to have been nonadherent and significantly more likely to run out of their medications during the observation period.
Substance Use and Sustained HIV Suppression
The association between problem drinking on the AUDIT and viral suppression at baseline was not significant; 99 (73 %) participants who scored <8 on the AUDIT had undetectable viral loads, as did 27 (59 %) of those scoring above the cut-off for problem drinking, X 2 (1, N =183)=3.47, p <.10. Contrary to the study hypotheses, results of unadjusted bivariate and adjusted multivariable logistic regression models did not indicate any significant associations between sustained viral suppression and daily alcohol use (see Table 3 ). Both the sustained viral suppression and unsustained viral suppression participants reported drinking an average of 12 days during the electronic diary assessments. Both groups reported drinking an average of one drink per day and missed ART on about the same number of drinking days. Drinking for both groups occurred similarly in participants' homes and with another person. With respect to other drug use, unsustained viral suppression was related to cocaine use in the previous 4 months in bivariate analysis but not in the adjusted analysis. There were no other associations with drug use and sustained viral suppression.
Substance Use and ART Adherence
Overall, the association between problem drinking on the AUDIT and baseline ART adherence was not significant; 91 (66 %) participants who scored <8 on the AUDIT were more than 85 % adherent to ART, as were 23 (50 %) of those scoring above the cut-off for problem drinking, X 2 (1, N =183)=3.49, p <.10. Table 4 shows the demographic and health characteristics of the adherent and nonadherent groups. Results indicated that participants who were nonadherent were significantly less likely to be viral suppressed at the 12-month follow-up, were significantly more likely to report running out of medications at baseline, and had significantly fewer years of education. There were no other significant differences between groups. Results of bivariate logistic regressions comparing adherent and nonadherent participants indicated that participants who were nonadherent were significantly more likely to have missed their medications when they were drinking than participants who were adherent (see Table 5 ). This association remained significant in the model adjusted for education and drug use. In addition, opposite of what we expected, the multivariable model found adherent participants drank on more assessment days than nonadherent participants. There were no other differences between adherent and nonadherent groups on their alcohol or drug use.
Substance Use, Adherence, and Unsustained HIV Suppression
In the adjusted multivariable subanalysis of alcohol use in relation to adherence among participants who had unsustained viral suppression, we found that nonadherence was associated with missing medications on days when participants were drinking and greater proportion of days drinking socially (see Table 6 ). In addition, running out of medications was related to nonadherence in the bivariate and adjusted models. Results also showed that participants who were adherent drank on more assessment days.
Discussion
The current study found high rates of unsustained HIV suppression among drinkers taking ART. More than half of participants, all of whom were receiving ART and drinking alcohol, demonstrated unsustained HIV suppression. Although nonadherence was clearly a predominant factor in determining HIV nonsuppression, we found 55 % of participants with unsustained viral suppression were adherent and nearly one third of those who had sustained suppression were not adherent. These findings may indicate that for some participants viral nonsuppression may be the result of treatment resistant virus and that a significant number of suppressed participants are at risk for increased viral activity. Treatment resistant virus is often the result of a history of poor adherence to ART, and adherence demands differ across various ART regimens [31] . For example, drugs with a greater half-life as well as those drugs that metabolize more slowly will have a greater duration of antiretroviral activity and will be more forgiving to incomplete adherence [32] . Another factor that may have direct effects on viral replication even under conditions of medication adherence is cocaine use. Similar to recent reports [33] , we observed an association between cocaine use and unsustained viral suppression in bivariate analysis. One likely mechanism accounting for cocaine's influence on HIV replication is a downregulation effect of cocaine on micro-RNA in CD4 cells, referred to as cocaine induced enhancement of HIV replication [34] . We also found that being married, older age, and having reliable access to ART were associated with sustained HIV suppression, suggesting potential resources that may bolster positive treatment outcomes.
Results showed different associations between drinking and sustained viral suppression compared to drinking and adherence. Across all of our measures of alcohol use, we failed to find any associations between alcohol use and sustained viral suppression. In addition, alcohol use was not robustly related to ART adherence in this study. Only having missed medications on drinking days was related to nonadherence and the association remained significant in the multivariable model. In addition, the multivariable model unmasked number of drinking days as a significant factor in better adherence. In contrast, characteristics of alcohol use were clearly related to adherence among those participants who did not have sustained viral suppression. Nonadherence in those who did not have sustained viral suppression was related to drinking on fewer days of assessment, missing medications when drinking, and drinking socially. These drinking characteristics were associated with nonadherence over and above running out of medications. These findings together indicate that drinking characteristics were not related to adherence or viral suppression in this sample of drinkers, whereas alcohol use was linked to nonadherence among those with poor treatment outcomes. One potential explanation for our findings was the universal use of alcohol in the sample. Although the threshold of drinking required to meet the study entry criteria was low, having drank any alcohol in the previous week, sample-wide alcohol use may account for the lack of observed associations. The associations between problem drinking and nonadherence as well as viral suppression were also not significant. The influence of a range of drinking on adherence and viral suppression may therefore be slight among drinkers. Alternatively, our results showed an association between missing medication on drinking days and adherence, perhaps reflecting the impact of event-level alcohol use on adherence [35] . In summary, the high rates of HIV nonadherence and nonsuppression observed in this sample of alcohol drinkers is consistent with previous research showing that alcohol is associated with adherence and poor health outcomes.
These findings should be interpreted in light of the study limitations. First, we relied on a convenience sample that cannot be considered representative of people living with HIV infection. The sample also came from a wide-range of clinical services that likely varied in adherence assistance and substance use treatment. In addition, participants were taking a variety of ART combinations and for various lengths of time. The study also relied on self-report instruments to assess alcohol use. Although we collected alcohol data using a time-stamped daily electronic diary, these data may still be subject to reporting biases. Socially sensitive behaviors such as alcohol use assessed by self-report may be underreported, suggesting that rates of drinking in this study should be considered lower-bound estimates. Another limitation was our definition of nonadherence applied to all medication regimens, which differ in their demand for optimal adherence. We selected 85 % adherence as a cut-off because most combination ART regimens risk resistance at this level of adherence or lower [4, 36, 37] . With these limitations in mind, the current results have implications for improving HIV treatment adherence among people who are receiving ART and drink alcohol.
The high rates of nonadherence and poor treatment outcomes for people with HIV in this sample indicate an urgent need for medication adherence interventions for HIV-positive drinkers. However, we speculate that adherence interventions will have limited impact when alcohol use is not directly addressed. Alcohol cessation at best, or reducing alcohol consumption at minimum, should be central to comprehensive approaches to HIV medication management and treatment adherence. Brief alcohol treatment models that have been proven effective in clinical settings should be integrated into the clinical care of people living with HIV [38, 39] . The close association between missed medications when drinking and overall adherence and viral suppression suggests that interventions be targeted to drinking events proximal to medication doses. Finally, the role of social relationships in drinking should be addressed in alcohol treatment. We found that drinking socially was more common among individuals with poor treatment outcomes. Social relationships can be an asset in treatment adherence and may therefore be a resource for improving adherence among drinkers [5, 40] . Clinical standards are needed for guidance in addressing alcohol use in conjunction with ART.
